the community into the hospital, where they meet considerably more compromised patients, potentially leading to markedly increased patient morbidity and mortality (39) . Episodes of health care-associated infections due to caMRSA have been already reported in the United States and Europe (14, 18, 32) .
Typing is a prerequisite to obtaining knowledge of the epidemiology of S. aureus strains in order to prevent the spread of caMRSA within the community as well as from the community into the hospitals. We have recently shown that spa typing in combination with clustering by BURP (based upon repeat pattern) analysis is a useful tool in S. aureus epidemiology, especially because of its reproducibility and the portability of the typing data (33) . However, recent studies (11, 32a) have demonstrated that spa typing-BURP analysis is not always able to discriminate unambiguously between different clones of caMRSA (e.g., between ST80 and ST1 clones) and some common methicillin-susceptible S. aureus (MSSA) clones because similar spa types occur in different clones, but this cannot be explained by large chromosomal replacements (27) . Moreover, some spa types occur in different MRSA clones, including caMRSA clones. This was demonstrated for spa type t008, which was found in three different clones (characterized by the possession of different SCCmec types) and which also included caMRSA t008/ST8/USA300 (4) .
Therefore, the aim of this study was the development of a rapid and easy PCR assay that can be used to recognize the predominant caMRSA clones based on lineage-specific genetic markers.
MATERIALS AND METHODS
Bacterial strains. The S. aureus isolates investigated in this study (n ϭ 125) were sent to the German Reference Centre for Staphylococci for further characterization and typing. Isolates originated from microbiological laboratories from throughout Germany, as well as from other Central European countries. The isolates included in this study were BURP analysis-defined relatives of spa types t044 (ST80) and t127 (ST1), as well as isolates of type t008/t024 (potentially ST8/USA300) and isolates from other clonal lineages (clonal complex 5 [CC5], CC22, CC30, CC45, CC121, ST59, ST152, and ST154), which were supposed to be of community origin on the basis of epidemiological information. Strains were isolated from patients with skin and soft tissue infections (n ϭ 55), conjunctivitis (n ϭ 2), and otitis (n ϭ 1); 9 isolates were collected from patients with invasive infections (bacteremia, pneumonia, urinary tract infections). Twenty-one strains were isolated from nasal swabs. For 39 isolates no information concerning the medical history of the patient was available (most of them were selected because of their relatedness to spa types t044 and t127).
All isolates were cultured on sheep blood agar and were confirmed to be S. aureus by colony morphology and a positive plasma coagulase reaction. They were subjected to susceptibility testing by the broth microdilution method, as described by DIN (5). Previously characterized reference isolates for the most prevalent caMRSA clones in Germany and Central Europe were the following: 05-01290, ST1/t127 (USA400), seh lukPV; 06-01172, ST8/t008 (USA300), arcA lukPV; and 06-00300, ST80/t044 (European caMRSA), etd lukPV.
DNA extraction. Genomic DNA was isolated from 2 ml overnight culture with a DNeasy tissue kit (Qiagen, Hilden, Germany) by using lysostaphin (100 mg/ liter; Sigma, Taufkirchen, Germany) to achieve bacterial lysis.
Selection of lineage-specific loci. The determinants most likely to be specific for particular caMRSA clones were selected from the literature as well as from published genomes (23, 36) . The following determinants were chosen for amplification by a multiplex approach: the enterotoxin H gene (seh) as a marker for caMRSA of clonal lineage ST1/USA400 (12, 30) , the arginine deiminase gene (arcA) as part of the ACME (arginine catabolic mobile element) cluster for ST8/t008/USA300 (6, 9) , and the gene for exfoliative toxin D (etd) for European caMRSA clones of ST80 (42, 43) . In addition, the Panton-Valentine leukocidin gene (lukPV) was selected as a marker as it is often epidemiologically associated with the caMRSA clones prevalent in Central Europe and the United States (1).
caMRSA-MP. The primers used for the multiplex PCR (MP) for caMRSA detection (caMRSA-MP) were designed to facilitate the concomitant amplification of all putative PCR products in a single reaction. Therefore, all oligonucleotides had similar melting temperatures of approximately 60°C and yielded PCR products of 200 to 600 bp ( Table 1 ). All primers were selected from public databases by using the freely available software Primer 3 (29) and were synthesized by Metabion (Munich, Germany). Single PCR amplifications as well as MP amplifications were performed with Ready-to-Go-PCR beads (GE Healthcare, Munich, Germany) in a 25-l reaction mixture containing approximately 10 ng of template DNA and 2.5 pmol of each primer. Initial denaturation at 94°C for 3 min was followed by 30 cycles of amplification with 94°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 30 s (except for the final cycle, which had an extension step of 4 min). The PCR products were analyzed on a 2% agarose gel. Initially, the PCR products were confirmed by sequencing. Sequencing reactions were carried out with an ABI Prism BigDye Terminator cycle sequencing ready reaction kit (Applied Biosystems, Foster City, CA), as specified by the manufacturer. Comparison of the sequences to the published sequence data was performed with the DNAStar software package (DNAStar Inc., Madison, WI).
Molecular typing. Spa typing and BURP analysis, as well as multilocus sequence typing (MLST) and eBURST analysis, were conducted as described elsewhere (32a).
RESULTS

Molecular characterization of isolates and validation of MP results.
Individual primer pairs as well as the combination of optimized primer sets were tested with previously characterized isolates representing caMRSA clones ST1/USA400, ST8/ USA300, and ST80 before they were used for the molecular characterization of the study isolates ( Fig. 1) . A total of 125 isolates were examined by caMRSA-MP. Additionally, all isolates were characterized by spa typing. A subset of isolates was also typed by MLST analysis. The resulting types were grouped by BURP and eBURST analyses. The results of the strain characterization are summarized in Table 2 . As demonstrated in other studies (11, 32a) , grouping by BURP analysis was not always sufficient to group the isolates unambiguously into definite groups associated with caMRSA, e.g., into CC1 and ST80. Thus, BURP group A contains a mixture of isolates belonging to CC1, CC7, CC15, CC80, and CC97 (Table 2 , BURP group A c6). Adjustment of the default parameters of the BURP algorithm to a more stringent group definition, as proposed in a recent study by Mellmann et al. (21) , only partly solved this problem ( Table 2 , BURP group A c4).
Our caMRSA-MP approach facilitated the unambiguous assignment of isolates to caMRSA/caMSSA clones CC1, ST8, and ST80 in the majority of cases. All ST80 isolates examined in this study (n ϭ 22; seven different spa types) were positive The caMRSA-MP profiles of isolates of type t008/ST8 (n ϭ 31; 3 MSSA and 28 MRSA isolates) were found to be the most heterogeneous. While the majority of isolates tested (n ϭ 16) contained arcA as well as lukPV, indicating their affiliation with the USA300 caMRSA clone, we also found isolates that carried only arcA (n ϭ 7) or lukPV (n ϭ 3). Five isolates of spa type t008, as well as all spa type t024 isolates, lacked any determinant for which analyses were carried out. Interestingly, six of seven type t008 isolates that carried arcA only were isolated within the same hospital.
Except for one isolate (t012, ST30, etd positive), all isolates not belonging to the caMRSA clones of interest were negative for the respective determinants (etd, seh, arcA). In contrast, lukPV was detected in isolates of all clonal lineages examined except ST45 and ST154 (Table 2) . Thus, on the basis of caMRSA-MP alone, one isolate of ST30 would have been classified as a lukPV-negative ST80 isolate; on the other hand, one isolate of CC1 (ST772) would have been classified as a lukPV-positive caMRSA isolate not belonging to the predominant caMRSA lineages, leading to two falsely classified isolates among a total of 127 (1.6%) isolates tested.
DISCUSSION
Monitoring the epidemiology of caMRSA clones is crucial to prevent their spread within the community as well as their introduction into hospitals. In particular, the emergence of "new" clones and the acquisition of additional resistance determinants by already circulating clones pose an ongoing challenge for infection control authorities (10, 36) .
Recent studies (11, 32a) demonstrated that spa typing and BURP analysis, which are, in general, accepted helpful tools in studies of the short-term as well as the long-term epidemiology of S. aureus, are not able to discriminate unambiguously between particular clones of caMRSA and common MSSA clones. In addition, the emergence and spread of "new" caMRSA clones in Central Europe (especially the spread of caMRSA t008/ST8/USA300) cannot be monitored efficiently, because this caMRSA lineage exhibits ambiguous spa type t008, which also occurs in other clones, especially in ST8-haMRSA-SCCmec type IV (epidemic MRSA clones 2 and 6) and ST8-haMRSA-SCCmec type II ("Irish-1"), as well as MSSA strains.
Therefore, the aim of this study was the development and validation of a rapid and easy PCR tool for the detection of the caMRSA clones currently most prevalent in Germany and Central Europe. The genetic determinants most likely specific for the three clones were selected on the basis of previous studies, with a focus on the distribution of particular virulence determinants within the S. aureus population (seh, etd, and arcA). In addition, we selected lukPV as a determinant, as it is often epidemiologically associated with caMRSA. LukPV occurs in both MRSA and MSSA strains (24) , but its role in the virulence of S. aureus is currently controversial (1, 8, 38) . Although lukPV is not generally associated with caMRSA isolates (25, 28) , it seems to be widespread among European and American caMRSA populations (36) . In the present study we detected lukPV in all ST80 isolates, while the determinant was variably present in community-acquired S. aureus isolates of ST1 and ST8. We also found lukPV in caMRSA isolates of ST5, ST30, ST22, ST152, and ST59 but not in isolates of CC45 (ST617) and ST154, which is in agreement with the findings of other studies published previously (36) . Thus, we consider lukPV to be a useful marker for the detection of caMRSA in this multiplex approach, in particular, because of its putative role in invasive infections like necrotizing pneumonia (1, 16) ; however, it cannot replace the careful interpretation of epidemiological records for the classification of isolates as community or hospital acquired.
caMRSA isolates of ST8 (USA300) were previously shown to be positive for arcA and lukPV in the majority of cases (9); however, we found a high degree of variability of multiplex profiles within spa type t008, once again highlighting the diversity of clones exhibiting this spa type. Seven isolates carried arcA but not lukPV. Interestingly, six of them were collected within a single hospital, indicating the local spread of a new caMRSA clone descending from USA300 by the loss of the lukPV determinant.
The characterization of community-acquired S. aureus isolates of CC1 also revealed a high degree of heterogeneity with a high number of MSSA isolates and only a few lukPV-positive isolates, which is in agreement with the findings of previous studies (2, 24) . However, the large number of lukPV-negative MSSA isolates might represent a putative community reservoir, in which isolates are waiting for the acquisition of SCCmec, lukPV, and other virulence or resistance determinants to become caMRSA clones in the future.
The determinants included in our assay are located on mobile genetic elements and thus are subject to putative horizontal transfer (19) . Although Holtfreter et al. (13) demonstrated a strong association of mobile genetic elements with a clonal background, they found remarkable variations in gene profiles, indicating horizontal gene transfer within clonal lineages as well as between isolates of different lineages, finally leading to the occurrence of particular markers within unrelated lineages. This was demonstrated for etd, which was found in MSSA CC25 lineages in that study as well as for seh, which was found in MSSA isolates of ST1 and a second genetic background (ST34, spa type t089). Other studies demonstrated the rare detection of arcA in genetic backgrounds different from t008/ ST8/USA300 (7, 9) . In this study, we unexpectedly found one isolate of ST30 carrying etd. However, since these "different" genetic backgrounds are characterized by clearly distinct spa types (13) they can be distinguished unambiguously in most instances. This is also the case for caMRSA isolates of clonal lineages different from ST80, CC1, and ST8. Thus, we advise the use of a combination of spa typing and caMRSA-MP to detect suspicious isolates rapidly. VOL. 46, 2008 RAPID DETECTION OF COMMUNITY-ACQUIRED S. AUREUS 585
In conclusion, we present the development of an easy MP assay for the rapid detection of the most common caMRSA clones in Central Europe. Our assay facilitated the unambiguous assignment of caMRSA/caMSSA isolates to the currently most prevalent clones in the majority of cases. In combination with spa typing-BURP analysis and resistance testing, this assay facilitates the rapid detection of isolates suspected of being community-acquired S. aureus and MRSA isolates. Monitoring of the emergence and spread of caMRSA clones might assist with the prevention of the further introduction of virulent caMRSA strains into hospitals.
